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Thimann and Radner (11, 12) have shown that anthocyanin synthesis in Spirodela is inhibited by -purine and pyrimidine antagonists, by certain sulfurcontaining compounds and certain amino acids. They also demonstrated (13) that riboflavine reverses the inhibition caused by many of these substances, and further that riboflavine substitutes for the light reaction involved in anthocyanin production by Spirodela.
When work on the current problem was begun, it was expected that the effect of various chemicals on anthocyanin synthesis in both the endosperm cultures and Spirodela would prove to be similar. As this report will indicate, however, data obtained so far show that pigment synthesis in the two systems is affected differently by certain of the same compounds tested.
MATERIALS AND METHODS
Tissue cultures derived from endosperm of the corn variety, Black Mexican Sweet, were used in this study. The method of preparing the explants, general culture conditions, and determinations of weight and pigment concentration have been described previously (7) . The culture medium used in the present study has been modified from that used in the previous investigation. Tissues were analyzed 25 days after transfer to the experimental media.
Originally the medium contained 0.5 % Seitzfiltered yeast extract. In some of the experiments described here, the yeast extract was omitted and in its stead 0.2 % casein hydrolyzate (acid-hydrolyzed, vitamin-free) adjusted to pH 6.6 with KOH was substituted. In other experiments, asparagine at a concentration of 1.5 x 10-2 M was substituted for the yeast extract.
'January 25, 1960 . 2 Supported by a grant (G-3529) from the National Science Foundation.
At the same time the experiments on pigment synthesis were undertaken, intensive work was being done to develop a completely synthetic medium for the tissue. It was found that asparagine at a concentration of 1.5 X 10-2 M added to the basal mineral-sugarvitamin medium supported better growth than either yeast extract or casein hydrolyzate. Details of the development of this synthetic medium are being published elsewhere (8) .
Although asparagine supports better growth than either of the complexes used, pigment production is depressed on media containing it. Thus in those experiments in which casein hydrolyzate was used as the organic nitrogen source, the controls are casein hydrolyzate media; in those experiments in which asparagine was substituted for casein hydrolyzate, the controls are asparagine media. Experiments are now in progress to repeat certain of the inhibition studies with asparagine media to determine if there is in fact any qualitative difference in response to inhibiting agents by the tissue on casein hydrolyzate and asparagine media.
Riboflavine was determined by the methods described by Strong (9) utilizing the modifications of Thimann and Radner (13) for determining free and bound riboflavine. Difco riboflavine assay medium was used throughout. Growth of the bacteria was determined turbidimetrically by means of a Klett colorimeter employing a red filter (transmitting at 640-700 m/).
RESULTS

EFFECT OF NUCLEOTIDES:
In one attempt to provide a synthetic medium for growth of the tissue, various combinations of the known constituents of yeast extract were tested. Among these was a mixture of adenylic, cytidylic, guanylic, and uridylic acids. All were tested at a concentration of 50 mg/l. The pH of the medium was adjusted to 6.6 with KOH. These nucleotides had very little effect on growth, but caused a considerable increase in pigment production (table I) . Part of the increase in pigment may be attributed to the arrested growth and consequent accumulation of anthocyanin by the tissues. When the amount of pigment produced on this medium is compared with that produced by tissue deprived of organic nitrogen, however, there is in fact an increase in pigment which may be attributed to the nucleotides. Since anthocyanin synthesis on asparagine medium was so low, the possibility arose that perhaps one or more amino acids (or peptides) present in casein hydrolyzate or yeast extract were specifically responsible for the higher pigment concentrations developed on media containing the latter two complexes. Another obvious possibility was that asparagine was specifically inhibitory. To test this, a series of media was prepared, each of which contained a single amino acid at a concentration of 1.5 X 10-2 M. A duplicate series of media was prepared which contained the single amino acid plus asparagine, both at 1.5 X 10-2 M. A total of 21 amino acids including glutamine was tested in this manner. All were used as the 1-form and were autoclaved except for tryptophan which was sterilized by Seitz-filtration. The pH of the media was adjusted to 6.6. In the case of cystine and tyrosine, saturated solutions were used because of their low solubility. The concentrations of these two amino acids based on their known solubilities were calculated to be approximately 2.3 X 10-3 M for tyrosine and 4.6 X 10-4 M for cystine. About half the amino acids had very little effect or were extremely toxic to the tissues. Lysine and tryptophan caused the death of the tissues. Underhill, et al (14) demonstrated Cystine in combination with asparagine inhibits growth and hence part of its pigment promotion in this case may be due to an accumulation of pigment by the slower growing tissues. Glutamine has no effect on growth in combination with asparagine, but inhibits pigment formation alone and in combination by over 50 %. Glutamic acid alone promotes pigment synthesis, but in combination with asparagine, it inhibits growth to some degree. Methionine, which was shown by Thimann and Radner (11) to he a strong inhibitor for Spirodela, retards both growth and pigment quite markedly in the endosperni cultures. Arginine, serine, and valine inhibit pigment both alone and in combination with asparagine. Of these three, serine has very little effect on growth; of the remaining two, arginine inhibits growth by 23 % andl valine by 11 %. Tyrosine inhibits pigment formation only slightly. This may be due to its lower concentration in the medium. Cysteine may be slightly stimulatory to anthocyanin production. Proline permits the greatest growth when used alone and also causes a definite increase in pigment content. However, this is not strongly manifeste(d in combination with asparagine. All these data strongly suggest that asparagine is itself inhibitory to anthocyanin synthesis in these tissues. Whether the amino acids which cause promotion of pigment synthesis (lo in fact reverse the inhibition caused by asparagine or simply promote synthesis in its presence cannot be determined from these experiments.
In general those amino acids which inhibited pigment synthesis in the endosperm cultures acted in a similar manner on Spirodela with one notable exception. Cystine stimulates pigment formation in the endosperm tissues, but inhibited pigment synthesis in Spirodela. Unfortunately, Thimann and Radner (11) did not test the effects of glutamic and aspartic acids.
DISCUSSION
Many of the results reported here are at variance with those of Thimann and his associates (10, 11, 12, 13) . Most notable among these differences are the responses to purine and pyrimidine analogues and riboflavine. There are several factors which could account for these differences. Adnmittedly, they are all speculative.
I. The endlosperm cultures are isolated tissues devoid of chlorophyll in contrast to Spirodela wrhich is a comiiplete autotrophic plant.
IT. The endospernm tissues are use(d in an actively growing state in these experiments while Spirodela is usecl in a non-growing state. This is clone by floating the plants on solutions devoid of mineral nutrients.
III. The major anthocyanin pigment of Spirodlela is a pelargonidin derivative (3) while that of the endosperml is a cyanidlin derivative (7) . Although the difference betw-een pelargonidlin and cyanidin is only one hydlroxyl group on the B-ring, it has been reasonably well established that separate genes control the biosynthesis of 4'-hydroxylated aglycones (which include pelargonidlin derivatives), and of 3', 4'-hydroxylated aglycones (which include cyanidin derivatives) (2, 4) . It is quite likely that the reactions controlled by these genes require different substrates, probably only subtly different.
In the discussion which follows, all three of these factors could play a contributing role to a greater or lesser degree. Despite the inhibition induced by riboflavine in the endosperm cultures, it is still possible that the vitamiini plays a role in pigment synthesis. Thimann and Radner (13) Of all the anmino acids tested, only four, aspartic acid, cystine, glutamic acid, and proline permitted significant increases in anthocyanin content when used alone. Of these, aspartic acid, cystine, and glutamic acid are dicarboxylic amino acids. From the inhibitions caused by asparagine and glutamine, it is tempting to draw the generalization that one of the reactions leading to anthocyanin formation requires a dicarboxylic amino acid and that the amide group in some way interferes with this reaction. Although it is true that on a molar basis, the amides would provide twice the nitrogen that the parent amino acids would, it is doubtful that the extra nitrogen per se plays a role in depressing pigment synthesis. As has been pointed out earlier in this report, a concentration of asparagine of 3.7 X 10-3 Ml (approx. '4 the conc. of 1.5 X 10-2 AI) does pernmit somewhat nmore pigment to be formed, but still it is far less than that produced on either casein hydrolyzate or yeast extract media.
Evidence presented in this report indicates that cytidvlic acid, a pyrimidine nucleotide, and adenylic acid, a purine nucleotide enhance pigment formation to some degree. On the other hand, evidence obtained with the purine and pyrimidine analogues seems to indicate that the nucleotides do not participate directly in anthocyanin-forming reactions. If they did so participate, it would seem reasonable to expect greater inhibitions with the analogues than have been obtained with the endosperm tissues. The inhibition of growth rather than of pigmlent formation obtained with 2,6-diaminopurine aind thioadenine indicates that interference wvith nucleic acid svnthesis need not necessarily interfere with pigmlent synthesis. Another point which should be mentioned in this connection is the central role aspartic acid plays in the biosynthesis of both purines and pyrimi(lines. The entire carbon chain of aspartic acid is incorporated into the pvrimidine structure (6) . One of the nitrogens of the purine ring is dlonated by aspartic acidl. Neither glutamic acid, glutamiiiie. nor asparagine caIn substitute for aspartic acid in this reaction (5 
